The active site of factor IXa is located far above the membrane surface and its conformation is altered upon association with factor VIIIa. A fluorescence study.
The topography of membrane-bound blood coagulation factor IXa (fIXa) and the nature of its interaction with its cofactor, factor VIIIa (fVIIIa), were examined using fluorescent derivatives of fIXa. A fluorescein dye was covalently attached to the active-site histidine of fIXa via a D-Phe-Pro-Arg tripeptide tether to form Fl-A-FPR-fIXa; similarly, a 5-dimethylaminonaphthalene-1-sulfonyl (dansyl) dye was covalently attached via Glu-Gly-Arg to form DEGR-fIXa. When either Fl-A-FPR-fIXa or DEGR-fIXa was titrated with phosphatidylcholine-phosphatidylserine vesicles containing octadecylrhodamine in the presence of Ca2+, fluorescence energy transfer was observed. Assuming a random orientation of dyes, the distance of closest approach between the donor dyes in the active sites of the membrane-bound enzymes and the acceptor dyes at the membrane surface was found to be 89 +/- 3 A for Fl-A-FPR-fIXa and 73 +/- 4 A for DEGR-fIXa. Although the exact distance remains uncertain, it is clear that the active site of fIXa is positioned more than 70 A above the surface, and hence that the elongated fIXa molecule projects approximately perpendicularly from the surface when bound to the membrane. The binding of fVIIIa to membrane-bound Fl-A-FPR-fIXa or DEGR-fIXa did not alter the location of the active site relative to the membrane surface, but did alter both the emission intensity and anisotropy of the fluorescein and dansyl probes and hence their environments. Cofactor stimulation of fIXa activity therefore appears to be mediated, at least in part, by a conformational change in the active site that occurs when fVIIIa binds to the enzyme on the phospholipid surface.